Although short-lived vertebrates can serve as model animals for understanding the mechanism of aging, whether the annual fish Nothobranchius rachovii is suitable for studying aging remains an open question. In this study, histochemical, biochemical, and genetic techniques were used to determine the age-related markers at three different developmental stages of the annual fish N. rachovii. Histochemical studies revealed that the expression of senescence-associated b-galactosidase and accumulation of lipofuscin increased with age. In biochemical assays, lipid peroxidation and protein oxidation increased with age, whereas the activities of catalase, glutathione peroxidase, and superoxide dismutase decreased with age. Genetic analysis established that the activities of telomerase had no apparent relationship with age, but telomere lengths reduced with age from 11.5 6 1.98 to 3.58 6 0.74 kb. Taken together, these results indicate that the annual fish N. rachovii may be useful as an animal model for the study of aging.
U
NDERSTANDING the biology of aging has become one of the major scientific challenges in the quest to prevent and cure age-associated diseases, such as cardiovascular disease, cancer, arthritis, cataracts, osteoporosis, type 2 diabetes, and Alzheimer's disease (1) (2) (3) . Numerous model organisms have been used to study senescence, including yeast (Saccharomyces cerevisiae) (4), worm (Caenorhabditis elegans) (5), fruit fly (Drosophila melanogaster) (6), zebrafish (Danio rerio) (7-10), mouse (11) , rat (12) , dog (13) , and sheep (14) . Nevertheless, a model vertebrate animal with a shorter life span and an aging process similar to that of human beings has not been established.
Fish appear to be useful as a potential animal model for the study of aging (15) (16) (17) . Zebrafish have been used to study vertebrate development, neurobiology, and genetics (18) because of some of their attributes, such as the conservation of the developmental genes observed across vertebrates, morphological and physiological similarities to mammals, and the ease of administration of water-soluble drugs and chemicals (7, 19, 20) . Zebrafish have also been used to study aging (8) (9) (10) . However, the mean life span of zebrafish is approximately 3.5 years, and the maximum life span is about 5 years (7). In contrast, annual fishCynolebias adloffi, Nothobranchius guentheri, N. furzeri, and N. rachovii-have been proposed as an alternative model animal for the study of aging (21) (22) (23) (24) (25) . N. furzeri have a relatively short life span (3 months), and are suspected to have accelerated aging, sudden-death syndrome, and vulnerable to the velvet disease (26) . However, the annual fish N. rachovii were also reported to have a relatively short life span (8.5 months), which is quite shorter than that of other species, and may be suitable for the study of aging (24) .
The aim of the present study is to evaluate the changes in the expression of age-related markers during the aging process in the annual fish N. rachovii and to determine its suitability as a model animal for the study of aging. We used histochemical techniques to examine the expression of senescence-associated b-galactosidase (SA-b-Gal) (27) and accumulation of lipofuscin (28) . We also examined protein oxidation (29) , lipid peroxidation (30) , and the activities of catalase (CAT), glutathione peroxidase (GPX), and superoxide dismutase (SOD) (31, 32) by biochemical techniques, as well as the activity of telomerase (33) and telomere length (34) . These markers were assessed at three different developmental stages (at 1, 4, and 7 months of age) of the annual fish N. rachovii.
METHODS

The Annual Fish
Male N. rachovii about 1, 4, and 7 months old were purchased from Taikong Group (Taipei, Taiwan), temporarily maintained (at five fishes per 9 L tank) on a 14-hour light/10-hour dark cycle with low flow rate at 26 6 18C for 1 week and with artificial plants for the fish to settle in. Live brine shrimp were fed to the fish twice per day, and flake food was occasionally given. Ultraviolet (UV) lamps were used to disinfect water to prevent the spread of disease in the recirculating system. Water pH was maintained at 7.0 6 0.2. Water ammonia, nitrate, and nitrite are maintained at 25 6 8.6, 0.04 6 0.01, and 0, respectively. The health of each fish was observed daily. The healthy fishes were used for this study. All males were killed at 48C before carrying out the following experiments.
SA-b-Gal staining
The gills were freshly dissected from fishes, fixed for 1 hour in 3% formaldehyde at room temperature, washed in phosphate-buffered saline (PBS), frozen at À808C, and mounted in optimal cutting temperature (OCT) compound. Thin sections (8 lm) were cut at À208C with a cryosectioning system (CM 3050S; Leica [Chang Gung University]), mounted onto glass slides, immersed overnight in SA-b-Gal stain solution (27) , counterstained with eosin, and viewed under bright field. Gill epithelia were analyzed with five agematched fishes per age. The area and intensity of expression of SA-b-Gal were analyzed with ImageJ software (http://rsb.info.nih.gov/ij).
Lipofuscin Staining
Lipofuscin in the sections of gills were observed by fluorescence light microscopy (35) . Autofluorescence of lipofuscin granules were evaluated with blue (450-490 nm) excitation light, with 520-nm emission filters, respectively (9) . Gill epithelia were analyzed with five age-matched fishes per age. The intensity of lipofuscin was analyzed with ImageJ software (http://rsb.info.nih.gov/ij).
Assay for Lipid Peroxidation
Estimates of lipid peroxidation levels were evaluated by the thiobarbituric acid reactive substances (TBARS) procedure (36) . The body from pectoral fin to tail fin containing only skin, bones, red and white muscle, excluding head and internal organs, was as the resource of material. Briefly, 1 g of material was homogenized in 5 mL of 50 mM phosphate buffer (pH 7.5) by using a polytron and sonicator. The homogenate was centrifuged at 5000 3 g for 10 minutes. The resulting supernatant (0.5 mL) was mixed with 2.5 mL of trichloroacetic acid solution (at 100 lg/mL) in a test tube, and the mixture was heated at 958C for 15 minutes. After cooling in tap water, the tube was centrifuged at 1000 3 g for 10 minutes, and 2 mL of the supernatant was added to 1 mL of thiobarbituric acid (TBA) solution at 6.7 mg/mL in a test tube. The tube was then placed in a boiling water bath for 15 minutes. The solution was then cooled in tap water, and its absorbance was measured using a spectrophotometer at 532 nm. The concentration of malondialdehyde (MDA) was calculated by the absorbance coefficient of the MDA-TBA complex (absorbance coefficient ¼ 1.56 3 10 5 cm À1 M À1 ) and is expressed as nanomoles per gram of protein (37) . The protein content of the supernatant was determined by using the Lowry method (38) .
Assay for Protein Oxidation
Protein carbonyls in materials were determined by using a spectrometric 2,4-dinitrophenylhydrazones (DNPH) assay with a minor modification (39) . Briefly, 1 g of material was homogenized in 5 mL 50 mM phosphate buffer (pH 7.5) containing protease inhibitors (leupeptin at 0.5 lg/mL, aprotinin at 0.5 lg/mL, pepstatin at 0.7 lg/mL, phenylmethylsulfonyl fluoride [PMSF] at 40 lg/mL) by using a polytron and sonicator. The homogenate was centrifuged at 5000 3 g for 10 minutes. The protein content of the supernatant was determined by using the Lowry method (38) . From the resulting supernatant, 300-lL aliquots containing 1.7-2.5 mg of protein were treated with 300 lL of 10 mM DNPH dissolved in 2 M HCl or with 2 M HCl in the controls. Materials were then incubated for 1 hour at room temperature, stirred every 10 minutes, precipitated with 10% trichloroacetic acid (final concentration), and centrifuged at 7800 3 g for 3 minutes. The pellet was washed thrice with 1 mL of ethanol/ethyl acetate, 1:1 (vol/ vol) and redissolved in 1 mL of 6 M guanidine in 10 mM phosphate buffer/trifluoroacetic acid, pH 2.3. Any trace insoluble material was removed by centrifugation at 7800 3 g for 3 minutes. The difference in absorbance between the DNPH-and HCl-treated material was determined at 366 nm, and the results were expressed as nanomoles of carbonyl groups per milligram of protein, using the extinction coefficient of 22.0 mM À1 cm À1 for aliphatic hydrazones (40) .
Assay for CAT Activity
The CAT assay was carried out by the method of Yen with slight modifications (41) . Briefly, 1 g of material was homogenized in 5 mL of 50 mM phosphate buffer (pH 7.0) by using a polytron and sonicator. The homogenate was centrifuged at 5000 3 g for 10 minutes. The assay reaction consisted of 50 mM potassium phosphate buffer (pH 7.0), 100 lL of 30% H 2 O 2 , and the resulting supernatant in a total volume of 1 mL. The reaction was carried out at 258C. Blank control was prepared with 900 lL of 50 mM potassium phosphate buffer and 100 lL of 30% H 2 O 2 . The rate of absorbance change (nA/min) at 240 nm was recorded, which indicated the decomposition of H 2 O 2 . Activities were calculated by using the molar extinction coefficient of H 2 O 2 at 240 nm, 43.59 L/mol/cm. Units of CAT were expressed as the amount of enzyme that decomposes 1 lmol of H 2 O 2 per minute at 258C. The specific activity was expressed in terms of micromoles per minute per milligram of protein.
Assay for GPX Activity
GPX activity was assayed with a coupled enzyme system in which oxidized glutathione (GSSG) reduction was coupled to NADPH oxidation by glutathione reductase following a previously described method (41,42) with modification. Briefly, 1 g of material was homogenized in 5 mL of 50 mM Tris-HCl buffer (pH 7.6) containing protease inhibitors (leupeptin at 0.5 lg/mL, aprotinin at 0.5 lg/mL, pepstatin at 0.7 lg/mL, PMSF at 40 lg/mL) by using a polytron and sonicator. The homogenate was centrifuged at 5000 3 g for 10 minutes. The coupling reagent contained 50 mM Tris-HCl (pH 7.6), 2 mM EDTA, 1 mM NaN 3 , 1 mM reduced glutathione (GSH), 0.2 mM NADPH, and 100 U glutathione reductase. Supernatant diluted in Tris-HCl buffer in the volume of 100 lL was preincubated with 875 lL of the coupling reagent for 2 minutes at 258C, and the reaction was initiated by the addition of 25 lL of H 2 O 2 at the final concentration of 25 lM. The decrease in the absorbance at 340 nm was followed spectrophotometrically.
Assay for SOD activity
The assay of SOD was based on the reduction of nitroblue tetrazolium (NBT) to water-insoluble blue formazan (43) . Briefly, 1 g of material was homogenized in 5 mL of 50 mM phosphate buffer (pH 7.8) by using a polytron and sonicator. In a final 1 mL reaction, the final concentration of reaction mixture contained 50 mM phosphate buffer (pH 7.8), 1 mM diethylenetriaminepentaacetic acid (DETAPAC), 1 U CAT, 5.6 lM NBT, 0.1 mM xanthine, 50 mM bathocuproine sulfonate (CBCS), and an appropriate amount of xanthine oxidase for obtaining the required reference rate. The rate of NBT reduction was monitored at 560 nm at 258C. Xanthine oxidase was diluted to the point that the blank rate without material was between 0.02 and 0.05 optical density. Eight reactions with different dilutions of the same material were carried out. One unit of SOD was defined as the amount of protein that resulted in 50% inhibition of the rate of NBT reduction. When 5 mM sodium cyanide was included in the mixture, activity of Mn-SOD was measured; otherwise, the activity of total SOD was obtained. The activity of Cu, Zn-SOD was calculated by subtracting Mn-SOD activity from total SOD activity.
Assay for Telomerase Activity
Telomerase activity was measured with the telomere repeat amplification protocol (TRAP) by using the TRAPeze kit. Briefly, 100 mg of material treated with 200 lL of ice-cold lysis buffer (0.5% 3-[(3-cholamidopropyl)-dimethylammonio]-1-propane sulfonate [CHAPS], 10 mM Tris-HCl [pH 7.5], 1 mM MgCl 2 , 1 mM EGTA, 10% glycerol, 5 mM b-mercaptoethanol, and 1 mM PMSF), then incubated on ice for 30 minutes. After centrifugation at 15,000 3 g for 30 minutes at 48C, DNA concentration in supernatant was measured by UV absorbance before it was stored at À808C. One microliter of the extension products of telomerase were amplified by a three-step polymerase chain reaction (PCR; 948C for 30 seconds, 528C for 30 seconds, 728C for 30 seconds) for 29 cycles of PCR in the presence of a TS primer and resolved on 10% polyacrylamide gel. Telomerase was quantified by normalizing the band intensities of the characteristic every 6-bp telomerase-specific ladder band by using ImageJ software (44) .
Assay for Telomere Length
Telomere length analysis was performed by Southern blot hybridization using the telomere length kit (Roche, Germany). Briefly, high-molecular-weight genomic DNA was isolated from the material that was digested with proteinase K in lysis buffer (10 mM Tris-HCl, 100 mM NaCl, 100 mM EDTA, 0.5% sodium dodecyl sulfate [SDS] , and RNase at 0.1 mg/mL), extracted with isopropanolethanol, and verified by standard agarose gel electrophoresis. Two micrograms of genomic DNA was digested with HinfI and RsaI enzymes at 378C for 3 hours and subjected to 0.8% agarose gel electrophoresis for 4 hours at 75 V.
Digested DNA was then transferred to Hybond N þ /nylon membrane. A DIG-labeled oligonucleotide probe (CCCTAA)3 was hybridized to the membrane and detected using enhanced chemiluminescent detection (TeloTAGGG telomere length assay). Telomere lengths were analyzed by using ImageQuant software (Chang Gung University). All materials were analyzed with five age-matched fishes per age, and the results were averaged (45) .
Statistical Analysis
The differences among three age groups were examined by using one-way analysis of variance. The Tukey's Honestly Significant Differences (HSD) test is then used for pairwise comparisons. A value of p , .05 is considered statistically significant.
RESULTS
Male Fish of 1-, 4-, and 7-Month-Old Stages
The healthy males were selected for study and evaluated by motion, appetite, and exterior pathological changes. The average size of male fish at the 1-, 4-, and 7-month-old stages is 2.3 6 0.15 cm in length and 0.4 6 0.08 cm in width, 3.7 6 0.22 cm in length and 0.8 6 0.11 cm in width, and 4.3 6 0.35 cm in length and 1.2 6 0.15 cm in width, respectively ( Figure 1A-D) . The morphology of body illustrates that fish grows with age.
Histochemical Examination of SA-b-Gal and Lipofuscin Granules
SA-b-Gal in the cells stains blue with X-gal. The more prevalent the blue color, the higher the SA-b-Gal expression. The blue color observed in gill epithelium was faint at the 1-month-old stage (Figure 2A ), but was observed to have increased at the 4-and 7-month-old stages ( Figure 2B and C). The gill epithelia at 7 months exhibited a darker blue color than did those at 4 months. The results revealed that not only did SA-b-Gal-containing stained cell area, but also its color intensity, increased with age (p , .001) ( Figure 2D and E). This result indicates that the accumulation of SA-bGal increased with age in the N. rachovii.
Lipofuscin appears as bright-green-colored dots in the cells. The gill epithelium exhibited only a few bright-greencolored dots at the 1-month-old stage ( Figure 3A ), but the number of dots were observed to have increased at the 4-and 7-month-old stages ( Figure 3B and C) . The gill epithelium at 7 months exhibited brighter green-colored dots than those at 4 months (p , .001) ( Figure 3D ). These results show that, similar to SA-b-Gal, the accumulation of lipofuscin increased with age in the annual fish N. rachovii.
Protein Oxidation and Lipid Peroxidation Analyses
Next, levels of protein oxidation were assessed by determining the carbonyl contents of amino acids derived by using DNPH. The mean values obtained for carbonylgroup content were 2.78 6 0.65, 3.73 6 0.18, and 4.48 6 0.23 nmol/mg protein at the 1-, 4-, and 7-month-old stages, respectively (p , .001) ( Figure 4A ). The carbonyl-group content was observed to increase with the progression of developmental stages, thus indicating an age-dependent elevation in protein oxidation in the annual fish N. rachovii.
In addition, lipid peroxidation was assessed by determining the levels of MDA, a metabolite of lipid peroxidation. The mean values obtained for MDA were 1.96 6 0.30, 4.76 6 0.41, and 6.74 6 0.98 nmol/mg protein at the 1-, 4-, and 7-month-old stages, respectively (p , .001) ( Figure 4B ). The levels of MDA increased with the progression of developmental stage. This result displays that lipid peroxidation increased with age in N. rachovii. Determination of the Activities of CAT, GPX, and SOD Figure 5A illustrates the results from the CAT activity. The mean values obtained for CAT activity were 28.95 6 1.13, 16.54 6 0.9, and 7.66 6 0.18 lmol/min/mg protein at the 1-, 4-, and 7-month-old stages, respectively (p , .001). Figure 5B shows the GPX activity. The mean values obtained for the GPX activity were 23.57 6 1.65, 15.32 6 0.67, and 10.14 6 0.54 nmol/min/mg protein at the 1-, 4-, and 7-month-old stages, respectively (p , .001). Figure 5C represents the results of the Mn-SOD activity. The mean values obtained for Mn-SOD activity were 13.03 6 2.51, 8.22 6 0.95, and 6.9 6 0.19 U/mg protein at 1-, 4-, and 7-month-old stages, respectively (p , .001). Additionally, the mean values obtained for Cu, Zn-SOD activity were 58.81 6 2.52, 32.23 6 0.64, and 24.97 6 4.01 U/mg protein at the 1-, 4-, and 7-month-old stages, respectively (p , .001), as shown in Figure 5D . These results collectively demonstrate that the activities of CAT, GPX, Mn-SOD, and Cu, Zn-SOD decreased with the age in N. rachovii.
Determination of Telomerase Activity and Telomere Length
To further determine the progressive aging processes of the annual fish, the activities of telomerase and telomere length were determined. Telomerase activity was found to have no apparent relationship with age in N. rachovii. This conclusion was reached after monitoring the N. rachovii developmental stages ( Figure 6A) , and was further verified by statistical analysis (p , .001) ( Figure 6D ). To study the telomere length of N. rachovii, we isolated its genomic DNA ( Figure 6B ) and found that the telomere length shortened with the progression of developmental stages ( Figure 6C ). The average telomere length was determined to be approximately 7.31 6 0.73, 6.56 6 0.36, and 5.18 6 0.28 kb at the 1-, 4-, and 7-month-old stages, respectively (p , .001) ( Figure 6E ). The average telomere lengths ranged from 3.58 6 0.74 to 11.5 6 1.98 kb. These results imply that telomerase activity had no apparent relationship with age, whereas the telomere length shortened with age. Taken together, the above-mentioned results further indicate that these aging markers increase with age in N. rachovii.
DISCUSSION
In this study, we discovered that the expression of SA-bGal, accumulation of lipofuscin, lipid peroxidation, and protein oxidation increased with age, and that activities of CAT, GPX, and SOD decreased with age. Whereas the telomerase activity did not undergo a change with age, the telomere lengths shortened with age. These data strongly suggest that the annual fish N. rachovii may be useful as an animal model for the study of aging.
Histochemical Examination of SA-b-Gal and Lipofuscin
SA-b-Gal is a eukaryotic hydrolase localized in the lysosome and can accumulate with age (46). SA-b-Gal has been broadly used to examine the cellular aging process of many adult somatic tissues and cultured cells in different animal models (9, 27, 47) . In the case of studies conducted on fish, SA-b-Gal was confirmed to be related to aging in the skin and dermis of zebrafish (Danio rerio) (9) as well as the annual fish N. furzeri (47, 48) . In this study, the expression of SA-b-Gal in gill epithelium was related to the aging of annual fish N. rachovii, thus our findings correlated with those in studies of zebrafish (9) and N. furzeri (47, 48) .
Lipofuscin is an intralysosomal polymeric material and originates from autophagocytosed cellular components oxidized outside or inside the lysosomal compartment (49); it can be neither degraded by lysosomal hydrolases, nor exocytosed. Lipofuscin accumulates with age and has been extensively used to examine the cellular aging process of many adult somatic tissues and cells in different animal models (9, 28, 35, 47, 50) . Lipofuscin has been confirmed to be related to aging in the muscle of zebrafish (Danio rerio) (9) and in the liver and caudal peduncle of annual fish N. furzeri (47, 48) . In this study, the expression of lipofuscin in gill epithelium was observed to be related to the aging of N. rachovii; this finding is consistent with those in studies of zebrafish (9) and N. furzeri (47, 48) .
We use gills to study the expression of SA-b-Gal and accumulation of lipofuscin because gills are in contact with the outside environment. By studying the response of gill epithelium, we may understand the effects of stresses on aging. However, the small size of the gills limits its use; therefore, we use the body (after the removal of head and internal organs) as the source of material for protein oxidation, lipid peroxidation, enzyme activities, and telomere length assays.
Protein Oxidation and Lipid Peroxidation Analyses
Lipid peroxidation and protein oxidation, induced by reactive oxygen species (ROS), have been found to increase with age in many adult somatic tissues and cells in different animal models (30, 40, 51, 52) . Hence, protein oxidation and lipid peroxidation are often considered as the index of aging. For monitoring protein oxidation, carbonyl groups are the general marker (39, 53) , whereas MDA is examined for lipid peroxidation (36) . The levels of lipid peroxidation and protein oxidation were found to increase with age in N. rachovii, consistent with the results of previous studies in other species (30, 40, 51, 52) . Previous studies showed that protein carbonylation can be produced by ROS, oxidative cleavage of proteins, and lipid-derived aldehydes including MDA, acrolein, 4-hydroxy-trans-2-nonenal, glyoxal, 4-oxotrans-2-nonenal, levuglandin E2, and levuglandin D2 (54) (55) (56) . Also, protein carbonylation formed from lipid-derived aldehydes is more prevalent than that formed via direct amino acid side chain oxidation (57) . Therefore, greater incremental increase occurs in the first three months of age in MDA measurements as compared to protein carbonyls.
Furthermore, the incremental increase in accumulated oxidative damage in above-mentioned molecules may reflect age-related declines in the efficiency of degradation and repair processes (58) (59) (60) (61) and/or a gradual accumulation of damage in tissues with low turnover (62, 63) .
Determination of the Activities of CAT, GPX, and SOD ROS-resulting in lipid peroxidation, protein oxidation, and DNA damage-can be scavenged by antioxidant enzymes such as CAT, GPX, Mn-SOD, and Cu, Zn-SOD (64) . The activities of CAT, GPX, and SOD have been reported to decrease with age in many adult somatic tissues and cells in different animal models (65) (66) (67) (68) (69) . The downregulated activities of CAT, GPX, and SOD with age in N. rachovii are consistent with the results of previous studies in other species (65) (66) (67) (68) (69) . The age-related decline in antioxidant levels most likely is not a result of lower ROS production, because ROS usually increases with age (70) . The reason for the decline of antioxidant levels may be the impairment of antioxidant enzymes (71) or down-regulation of antioxidant enzymes (72) .
Determination of Telomerase Activity and Telomere Length
Telomerase is a ribonucleoprotein reverse transcriptase capable of synthesizing terminal TTAGGG telomeric repeats at the ends of chromosomes (73) . Telomerase activity is repressed or decreases with age in many adult somatic tissues and cultured cells in different animal models (14, 74) . This absence of telomerase activity is correlated with telomeric shortening that occurs with age in vivo and in vitro (13, 45) . Among fishes, telomerase activity has been studied in zebrafish, pufferfish (Fugu rubripes), and medaka (Oryzias melastigma) (9, (75) (76) (77) ; only in zebrafish was it studied in the context of aging. However, it exhibited no apparent relationship with age. Our study on N. rachovii also yielded the same result.
Telomeres are specialized DNA-protein complexes that cap the ends of linear chromosomes, consisting of simple repetitive DNA that in mammals comprise (TTAGGG)n (64), and shorten progressively with cell division (12, (78) (79) (80) . Telomere shortening may result in cell senescence as observed in many adult somatic tissues and cells in different animal models (12) (13) (14) 45, 81) . This study shows that telomeres shorten with age in N. rachovii, and is consistent with those of previous studies in other species (12) (13) (14) 45, 81) . The telomere lengths of different species have been determined in mammals and nonmammals using the probes corresponding to the mammalian sequence, and are found to range from 6 kb to 2 Mb, depending on the species (82) (83) (84) . For example, the telomere lengths ranged from 10 to 15 kb in humans (84), 10 kb to 2 Mb in the chicken (Gallus domesticus) (82, 83) , 50 kb in the turtle (Pseudemys scripta) (82), 100 kb in the mud puppy (Necturus maculosus) (82), 20 kb in the rainbow trout (Oncorhynchus mykiss) (82), 6 kb in the sea urchin (Strongylocentrotus purpuratus) (82), and 10-50 kb in the African clawed toad (Xenopus laevis) (83) . In this study, we found that the telomere lengths range from approximately 3.58 6 0.74 to 11.5 6 1.98 kb (p , .001) in N. rachovii. The telomere sequence of N. rachovii was not previously known, and our study represents the first use of a mammal's telomere probes to study the telomere length of N. rachovii and further confirms that they can be performed in N. rachovii.
In this study, we used 1-, 4-, and 7-month-old fish to study the expression of their age-related markers. According to a previous study, the life span of N. rachovii is about 8.5 months (24) . A 1-month-old fish represents about 12% of life span and may be considered ''young,'' a 4-month-old fish represent about 47% of life span and may be considered ''middle-aged,'' and a 7-month-old fish represent about 82% of life span and may be considered ''old.'' However, the longevity of N. rachovii seems to depend on the husbandry conditions (24) . Therefore, we cannot definitely define the stages of life simply based on age. Nevertheless, this study shows a definite tendency that the expression of age-related markers is correlated with age.
To know the average value of protein oxidation, lipid peroxidation, enzyme activities, and telomere length in whole fish, we used the body after the removal of the head and internal organs as the source of material to obtain the average values of these age-related markers in N. rachovii. However, a previous study showed that telomere lengths in human tissues were decreased in liver, renal cortex, and spleen, but no significant decrease was observed in the cerebral cortex and myocardium (85) , suggesting that the aging process is different in individual tissues. Similar studies have been done in guppies (86) (87) (88) . For example, in the heart, no significant changes were evident until the fish were 3 years old, when a loss of muscle fibers in the ventricles of old fish was noted, with deposition of collagen in the bulbous arteriosus. Whereas histological analysis of the brains throughout the life span showed no overall loss of tissue, in both genders a loss of neurons from the stratum griseum periventriculare in the midbrain roof occurred with age (17) . Therefore, extrapolating results from one or two tissues instead of the whole organism should be avoided. By using the body after the removal of the head and internal organs (which includes skin, bones, and red and white muscles), we can obtain an average value of age-related markers on the aging of N. rachovii. Nevertheless, a more refined study of a single tissue is required if we wish to know the values of these age-related markers from a single tissue.
